This prospective, randomised, observer-blinded study was conducted to compare the ease of performance and surgical effectiveness of interscalene block below the C6 nerve root with supraclavicular and infraclavicular techniques of brachial plexus block for upper arm and forearm surgery. Sixty adult patients of American Society of Anesthesiologists grade 1 to 3, undergoing upper limb surgery, were randomly allocated into three groups. Group SC received supraclavicular blockade, group IC received infraclavicular blockade and Group IS received interscalene blockade. All blocks were guided by ultrasound with nerve stimulator confirmation. The anaesthetic mixture consisted of 0.5 ml/kg of equal volumes of 0.75% ropivacaine and 2% lignocaine-adrenaline. The imaging and block performance time, onset time, success rate, duration of block, and duration of postoperative analgesia were recorded by a blinded observer. The onset time was significantly longer in the interscalene group as compared with supraclavicular and infraclavicular approaches. The imaging time and block performance time were comparable between groups. No significant differences were observed between the three groups in terms of block-related pain scores, success rates, duration of block or of postoperative analgesia. Two patients in the interscalene group developed clinically detectable phrenic nerve palsy. Our findings indicate that, although interscalene block below the C6 nerve root can provide surgical anaesthesia for forearm and hand surgery, it appears to have a longer onset time than supra-and infraclavicular approaches and an unacceptable incidence of phrenic nerve palsy.
Providing complete surgical anaesthesia of the upper extremity by regional block techniques is challenging. Although ultrasound (US)-guided supraclavicular 1-3 and infraclavicular [4] [5] [6] blocks are commonly used for upper extremity surgery, a higher rate of Horner's syndrome and imaging difficulties have been reported in patients with short and wide necks during US-guided supraclavicular blocks 1, 7 . Few studies have shown that infraclavicular block has a faster onset, better surgical effectiveness and fewer adverse events compared to the supraclavicular approach 8, 9 . This technique is difficult to perform in trauma patients and may result in incomplete blockade of the radial nerve 10 .
Interscalene brachial plexus block is an effective technique to provide intraoperative analgesia and postsurgical pain relief after shoulder surgery [11] [12] [13] . Though the US-guided interscalene brachial plexus is quite popular for the management of upper extremity injuries by emergency physicians 14 , the traditional technique of US-guided interscalene approach does not provide effective anaesthesia of the distal extremity and may affect the phrenic nerve, leading to temporary paralysis of the ipsilateral hemidiaphragm 15 . It has been demonstrated that the separation between the phrenic nerve and the brachial plexus is substantially increased at more caudal levels in the neck 16 . As the site of injection may affect the spread of local anaesthetic, we used more precise needle placement below the C6 nerve root with direct US guidance, which we feel should increase the efficacy and quality of the block of the distal extremity with possibly reduced inadvertent spread of local anaesthetic to the phrenic nerve. This prospective, randomised, observer-blinded study was designed to compare the efficacy and safety of interscalene block below the C6 nerve root with infraclavicular and supraclavicular techniques of brachial plexus block for arm and forearm surgery. The primary aim of this study was to compare the onset times and surgical effectiveness while the secondary aims were to compare the performance times, duration of analgesia, and safety of the three approaches.
Materials and methods
This prospective, randomised, observer-blinded study was conducted after Institutional Ethics Review Committee approval (MS/988/Res/2117, February 2010), registration with the Clinical Trials Registry of India (CTRI/2014/08/004822), and written informed consent from the patients. Sixty patients of American Society of Anesthesiologists physical status 1 to 3, aged 18 to 65 years, undergoing upper arm and forearm surgery, were included. Patients with clinically significant coagulopathy, morbid obesity (body mass index ≥40), infection at the injection site, allergy to the local anaesthetics, mental incapacity, or language barrier precluding assessment, were excluded. Trial participants were randomly allocated into three groups according to the computer-generated random number table. Group SC received supraclavicular blockade, group IC received infraclavicular blockade and group IS received interscalene blockade. All blocks were performed with US visualisation using a 7 to 12 MHz linear probe, by the same anaesthetist who, before beginning the study, had performed each type of block at least ten times. The same US machine (03BLNP, Sonosite, Inc, Bothell, WA, USA) and nerve stimulator (NM20, Inmed Equipments, India) were used for all the blocks.
The patients were premedicated with oral alprazolam 0.25 mg the night before surgery. Intraoperative monitoring included electrocardiography, non-invasive blood pressure and pulse oximetry. Intravenous access was secured. All blocks were performed in a sterile fashion with a Tefloncoated 80 mm, 22-gauge Stimuplex needle® (B.Braun, Melsungen, Germany) after anaesthetising the skin and the subcutaneous tissue with 2 to 4 ml 2% lignocaine. A local anaesthetic solution consisting of equal volumes of 0.75% plain ropivacaine and 2% lignocaine-adrenaline (1:200,000) mixture was administered as a single injection of 0.5 ml/kg in each group. Appropriate needle position was confirmed by neurostimulation before local anaesthetic was injected. The nerve stimulator was set initially at 0.5 mA current with 2 Hz frequency and pulse duration of 0.1 ms. If stimulation of the target structure did not initially produce motor stimulation, the needle tip was moved medially towards the brachial plexus and the current was increased gradually up to 1.5 mA until elicitation of a distal motor response, as evidenced by wrist extension or finger twitch. The needle was manipulated further to a point where muscle contractions were present at a stimulus of 0.5 mA.
For the supraclavicular block, the US probe was placed in the coronal plane in the supraclavicular fossa to obtain a short-axis view of the subclavian artery. The Stimuplex needle was advanced in-plane from lateral-to-medial direction until the tip was located near the subclavian artery. Appropriate needle position was confirmed by neurostimulation and the local anaesthetic (0.5 ml/kg) was injected in incremental doses 17 .
For the infraclavicular block, the US probe was applied in the parasagittal plane below the clavicle to obtain a short-axis view of the axillary artery. The puncture site was located at the junction of the clavicle and the coracoid process. The needle was advanced in-plane until the tip was located just posterior to the axillary artery. After confirmation of the appropriate needle position by neurostimulation, local anaesthetic was injected in incremental doses 17 .
For the interscalene block, with the transducer held in a coronal-oblique position, the brachial plexus was imaged at the supraclavicular level and then followed cephalad until C5, C6 and C7 nerve roots were evident in the space between anterior and middle scalene muscles. At this level, the Stimuplex needle was inserted in-plane and advanced toward the visible nerve fascicles of the C6-C7 nerve roots. After nerve-stimulator confirmation, local anaesthetic was injected caudal to the C6 nerve root under US visualisation.
The time to acquire the US image (imaging time), the block performance time (the interval between the first needle insertion and its removal after administration of the block) and the number of attempts (number of needle punctures) were recorded. Block performance-related pain was evaluated immediately after removal of the needle by verbal rating scale (0 to 10, 0=no pain and 10=excruciating pain). The occurrence of any adverse event including accidental vascular puncture, paraesthesia on injection, change in voice, suspected diaphragmatic paresis (change in the breathing pattern and/or coughing difficulty, respiratory insufficiency, hypoxia), or the appearance of Horner's syndrome was recorded.
Heart rate, mean arterial pressure and oxygen saturation were recorded every five minutes for 30 minutes and then every 15 minutes until the end of surgery. Evaluation of sensory and motor blockade was performed by a blinded observer, unaware of the technique of blockade, every five minutes in musculocutaneous, median, radial, ulnar, medial cutaneous nerve of forearm, and axillary nerve territories over a 30 minute period beginning when the needle was withdrawn from the patient. Sensory block was evaluated by comparing the pinprick sensation in the central sensory region of all six nerves with the same stimulus delivered to the contralateral side. Rating was quantified as normal sensation (no block), reduced sensation (partial block), or total loss of sensation (complete block). Motor block was assessed using shoulder abduction, forearm flexion, and flexion-extension of the wrist and scored as follows: 0=no loss of force: no block; 1=reduced force compared with the contralateral arm: partial block; 2=inability to overcome gravity: complete block. Onset time was defined as the time required to achieve complete or maximum sensory and motor blockade. Thirty minutes after administration of the block, if a sensory region involved in the surgery was not completely anaesthetised, the block was supplemented in that nerve territory or local infiltration was performed by the surgeon. If the patient experienced tourniquet-related pain or pain during surgery despite supplementation, intravenous fentanyl 1 to 2 μg/kg was administered or general anaesthesia was induced by the attending anaesthetist using his or her preferred technique. Successful blockade (surgical effectiveness) was defined as the completion of surgery without the need for intravenous opioids, general anaesthesia, rescue blocks, or local infiltration by the surgeon. However, in the event of patient anxiety, patients could receive intravenous midazolam 1 to 2 mg.
After surgery, patients were monitored in the postanaesthesia care unit by a blinded observer for resolution of blockade i.e. recovery of the complete motor function of the limb. Postoperative analgesia was assessed using verbal rating scale (0 to 10, 0=no pain, 10=worst imaginable pain) at two hour intervals for eight hours then at 12 hours and 24 hours. Oral diclofenac 75 mg was given on patient demand or if the verbal rating scale was more than three. The time between block completion and the demand for first rescue analgesic (duration of analgesia) was recorded. A post-block chest radiograph was obtained if a patient complained of respiratory distress. The patients were followed up for 24 hours for any complication, including breathing difficulty, dysaesthesia or motor weakness. They were interrogated by telephone after one week for any neurological problems related to the block, such as numbness, weakness, pain, or altered sensation in the limb blocked. Upon surgical followup (at two weeks and four weeks), the patients were again evaluated and examined for any neurological deficit.
Normally distributed data were presented as mean ± standard deviation and compared using one-way analysis of variance. The chi-square test and Fisher's exact test were used for non-parametric comparisons. P <0.05 was considered as statistically significant. The sample size was determined on the basis of a previous study; assuming an α of 0.05 and β of 0.2, it was calculated that a minimum 19 patients per group were required to detect a difference of 25% in the sensory onset time between any of the three groups.
Results
The demographic characteristics of the three groups were comparable ( Table 1 ). All patients underwent elective surgery of the forearm or arm under regional anaesthesia. The common surgical procedures were Z-plasty, tenosynovectomy, nerve and tendon repair, and tumour or ganglion removal in all groups. Most procedures were performed in a bloodless field using a pneumatic tourniquet applied to the upper arm. The duration of surgery and the tourniquet application time was comparable among groups.
No significant differences were observed between the three groups in the imaging time, block performance time, total volume of local anaesthetic, number of needle passes or block-related pain scores ( Table 2 ). Three patients in group SC and IS each and two in group IC required supplementation of the block at 30 minutes. The most often supplemented nerve was the ulnar nerve in the supraclavicular and interscalene groups and the radial nerve in the infraclavicular group. No patient required fentanyl or general anaesthesia. The overall success rate was comparable among groups (86%, 90% and 84% in SC, IC and IS groups respectively, P=0.268).
Compared with supraclavicular and infraclavicular approaches, the US-guided interscalene block had about a 25% longer onset time for sensory and motor blockade (Table 3 ). However, the duration of postoperative analgesia and motor blockade was not significantly different between groups ( Table 3 ). No significant differences were observed in the proportion of patients requiring midazolam (91%, 85% and 89% of patients for group SC, IC, and IS, respectively). None of the patients had vascular puncture, pneumothorax or Horner's syndrome. Transient phrenic nerve palsy was observed in two patients (10%) receiving interscalene blocks, and resolved within three to four hours. Both these patients complained of respiratory difficulty five to ten minutes after administration of the block. On examination, a change in breathing pattern with less diaphragmatic excursion during deep inspiration was noticed on the block side. These patients were managed with oxygen supplementation by mask. At follow-up, no neurological complication related to the anaesthetic technique was reported in any group of patients.
Discussion
In this prospective randomised study we found that the block onset time was longer with an interscalene technique as compared with infraclavicular and supraclavicular approaches, despite the use of a below-C6 approach. However, the imaging time, block performance time, duration of analgesia and the success rate were comparable. Two patients in the interscalene group had phrenic nerve palsy while none did in the other two groups.
We used a high-frequency (7 to 12 MHz) linear array transducer ultrasound probe, for better visualisation of the brachial plexus anatomy, and neurostimulation confirmation for performance of blocks in all the groups. Our block performance times were comparable to previous studies using similar techniques 10, 18 . However, Gürkan et al 9 reported shorter performance time for infraclavicular as compared to supraclavicular blockade; we could not demonstrate any difference in the performance time among groups.
In the present study, the onset times of sensory as well as motor block were longer in the interscalene group while comparable between supraclavicular and infraclavicular groups. However, the final spread of sensory and motor blockade was comparable among all three approaches. Our onset times in supraclavicular and infraclavicular groups were similar to the previous study by Gürkan et al 9 , while shorter than that reported by Fredrickson et al 19 and Koscielniak-Nielsen et al 8 , which could be explained by the different techniques and the different local anaesthetic agents used in these studies.
We observed high surgical effectiveness of the block in all three groups. None of the patients required supplemental analgesia during surgery. The duration of blockade and postoperative analgesia were also comparable between the groups. Our success rate in supraclavicular and infraclavicular groups was comparable to previous reports using US-guided nerve blocks 3, 4, 7 . Though the interscalene block has been found to be highly effective for shoulder surgery 11, 12 , a high incidence of inadequate anaesthesia of the forearm and hand has been reported 20 . The high surgical effectiveness of interscalene blockade for arm and forearm surgery in our study may be due to the use of a different approach or choice of local anaesthetic type and volume. Plante et al 18 also reported greater success rates of anaesthesia in all distal nerve areas by placement of interscalene blocks below the level of C6 nerve roots. Injection below the C6 nerve root allows the diffusion within the deep cervical fascia, offering a wide and homogeneous spread of the local anaesthetic to the entire plexus. Conversely, injection near the C5 nerve root could lead to unintentional subepineural injection that limits the diffusion around the upper primary trunk 21 .
In our study, approximately 20 to 30 ml of local anaesthetic was used in each group to obtain surgical anaesthesia. Though low-dose interscalene blockade can be used safely along with general anaesthesia for shoulder surgery, it may reduce the duration of the block and postoperative analgesia as well as the success rate 22, 23 . On the other hand, use of higher volumes of local anaesthetic may increase the risk of phrenic nerve palsy with the standard interscalene approach 24 . The phrenic nerve position is nearly indistinguishable from the C5 ventral ramus at the level of the cricoid cartilage, but increases substantially at more caudal levels in the neck 16 . Therefore, performance of interscalene brachial plexus block below the level of the C6 nerve root could theoretically reduce the incidence of hemidiaphragmatic paresis 25 . The incidence of phrenic nerve palsy (10%) in our interscalene group was less than previously reported 24 . Nevertheless, it was still too high to be considered safe. We did not assess the diaphragmatic movement by US, or impairment in pulmonary function by spirometry, and so could have missed some subclinical phrenic nerve palsies.
The incidence of block-related complications was low in our study. None of our patients had an arterial puncture or local anaesthetic toxicity. This may be due to high-resolution US-guided needle placement followed by confirmation with neurostimulation and the assessment of adequacy of local anaesthetic spread at the time of injection. US guidance not only increases the quality of sensory and motor blockade; by reducing the incidence of paraesthesiae and local anaesthetic systemic toxicity, it may confer greater safety 26, 27 .
Conclusion
Though US-guided interscalene blockade using injection below the C6 nerve root can be performed as rapidly as US-guided supraclavicular and infraclavicular blocks and results in similar success rates for upper arm and forearm surgery, it has a longer onset time and may still result in clinical phrenic nerve palsy.
